Introduction
The World Health Organization (WHO) Expert Committee and other international organizations have recommended the use of body mass index (BMI = kg m -2 ) to help define childhood and adolescent obesity (1) (2) (3) (4) . The measurement of body weight and height, which contribute to construct these curves were usually from reference populations that were non-institutionalized and healthy on physical examination. However, overweight or obese children were included in these reference populations. The newly released growth charts from Centers for Disease Control and Prevention (CDC) also include BMI growth curves (9) . To avoid the influence of the observed secular increase in body weight and BMI, the data from the 1988-94 National Health and Nutrition Examination Survey (NHANES) III for children older than six years of age were excluded from the curves. This means that the normal growth data after 1988 are not included and the data on obese children obtained before 1988 would still have the effect of changing the percentile curves in the CDC growth charts. In an effort to overcome the impacts of increasing prevalences of obesity on BMI curves, Cole et al. proposed a set of BMI curves corresponding to an adult BMI of 25 and 30, respectively (10) . This new approach uses adult cut-off values to establish paediatric percentiles as cut-off points for the definition of overweight or obesity in children. However, because the shapes of curves from six countries are not uniform, the simple averaging of these data seems inappropriate. Hence, the reference standards of BMI derived from these curves is less than ideal. Yet, the development of criterion-based norms is difficult and often considered impossible for children and adolescents.
Physical fitness refers to the 'ability to carry out daily tasks with vigour and alertness, without undue fatigue, and with ample energy to enjoy leisure-time pursuits and to handle effectively unforeseen injuries' (11) . Physical fitness can be classified into health-related and skill-related fitness. Although skill-related fitness is crucial for success in sports and athletic events, health-related fitness is essential for everyday activities. The four components of health-related physical fitness are: cardiorespiratory endurance; muscle strength and endurance; flexibility; and body composition (12) (13) (14) . BMI, along with skin-fold and body girth measurements, is commonly used for evaluating body composition. In addition, there are several fitness tests that can be used to evaluate other components of health-related fitness (13, 14) . Most studies in children demonstrate an inverse relationship between obesity and cardiorespiratory endurance, as measured by treadmill (15) (16) (17) or by a 1-mile run or walk (18) . A few studies, however, show that obese children appear to be capable of meeting the challenge of maximal testing to nearly the same extent as their nonobese peers, either on a cycle ergometer or a treadmill (19, 20) . Therefore, the relationship between obesity and a single component of physical fitness has been widely studied, with only a few conflicting data obtained. However, to our knowledge, the interactive relationships amongst all these components have rarely been studied systematically. If it can be determined that the performances in health-related physical fitness tests are less optimal in obese children or adolescents, then a population that includes only those with better test scores may be a better reference for BMI curves. Based on this assumption, we reexamined the existing data sets from a nation-wide survey, which included the measurements of weight, height and four fitness tests (21) . Our aim was to test the hypothesis that obese children are unfit in some of the fitness tests and that BMI curves created from those who have better fitness performances are more appropriate than those from a general population-based standard.
Subjects and methods
From February to June 1997, the Ministry of Education of Taiwan conducted a nation-wide fitness evaluation for students in elementary, junior and high schools. Each student completed a battery of four health-related physical fitness tests:
• the 800/1600-m run/walk, which measured cardiorespiratory endurance, and was evaluated according to the time a student took to run or walk an 800/1600-m course;
• the long jump (as far as student can jump from a standing start), which assessed the strength of the lower body and legs;
• the number of bent-leg curl-ups attained in 1 min, which tested both abdominal strength and endurance; and
• the furthest distance reached in a modified sit-andreach test, which measured lower back flexibility.
In order to minimize error, more than two measurements were taken in the standing long jump, bent-leg curl-ups and sit-and-reach tests. Children younger than eight years of age did not participate in the run/walk test. All female students and male students younger than 13 years of age undertook the 800-m run/walk test, whereas male students older than 13 years undertook the 1600-m run/walk test. Measurements of weight in light sportswear and height without shoes were taken before the fitness tests. The methods of measurement and the fitness tests contributing to this report have been described in detail previously (13, 14, 21, 22) . The instruments were properly calibrated and correctly used. Teachers and nurses who conducted the measurement and testing participated in a regional training seminar and received a detailed technical manual. Throughout the project, continuing efforts were made to ensure data quality.
Among these children, a total of 913 166 measurements of height and weight and results of fitness tests were available for analysis. As the age-by-month distribution for those younger than six years or older than 19 years of age is skewed in terms of school attendance, only those aged between seven and 18 years of age are included in the present analysis (Table 1 , total participants: 878 207, of whom 444 652 were boys and 433 555 girls). For all the study cases we first determined the BMI percentiles for age and gender. Based on these 'total-case' percentiles, four different BMI groups were classified according to the cut-off values of 15th, 85th and 95th percentiles. On the other hand, we divided the results of each fitness test with quartiles based on the age and gender of the students. For the purpose of this study, students in the first quartile of the tests (and in the fourth quartile of times for the 800/1600-m run/walk test) were classified as 'poor' and those in quartiles 2-4 were classified as 'fair', 'good' and 'excellent', respectively. To evaluate the relationships between BMI and fitness tests, the number of students in each quartile rank was calculated among different BMI groups. Simple relative risk and 95% confidence intervals around the relative risk were used to determine the effect of BMI on the risks of recording a 'poor' fitness test. To explore the differences of BMI curves according to the performance in fitness tests, we repeatedly selected those who scored better than 'poor' (quartiles fair + good + excellent) or better than 'fair' or better than 'good' in all of the four tests and redetermined their BMI curves. All statistics were calculated using the SAS software package.
Results
The ratios of participants in fitness quartile ranks according to different BMI groups were generally similar by gender and age; therefore, the results are combined and shown in Table 2 . Between 41.3 and 58.4% of students with a BMI greater than the 95th percentile were classified as 'poor' in three of the four tests, the exception being the sit-and-reach test. Relative risk studies demonstrated that BMI is significantly related to 'poor' results in fitness tests ( Table 3 ). The risk of a 'poor' fitness test was 2.7 times greater for students with a BMI ≥ 95th percentile and 1.8 times greater for students with a BMI between the 85th and 94th percentile, compared to those with a BMI obesity reviews Healthy BMI from physical fitness W. Chen et al. 227 between the 15th and 84th percentile in cardiorespiratory endurance (800/1600-m run/walk test). The muscular strength and endurance tests showed similar results. Flexibility measured by the sit-and-reach test, however, did not show such a significant effect among different BMI groups. Taking all four fitness tests together (three tests for children younger than eight years old), 377 197 students (43%) tested better than 'poor'; 14.9% of the students' all-test performance was better than 'fair'; and only 2.6% of students achieved an 'excellent' performance in all four tests. In addition to the BMI curves for the 'total cases', we redetermined the percentile curves for other subgroups with different performances in all fitness tests. Figures 1  and 2 show the percentile curves of boys and girls with non-smoothed values at the fitness test ranges covered. For the 95th percentile, the curve for the total cases was higher than the curves for the better than 'poor', the better than 'fair' and the better than 'good' subgroups. In particular, the differences between the 'total cases' and the better than 'poor' subgroup were 0.8-2.8 kg m -2 (2.2 ± 0.6 kg m ) higher for girls. The differences between the other quartile subgroups were 1.0 ± 0.3 kg m -2 and 0.5 ± 0.4 kg m -2 for boys and 0.6 ± 0.2 kg m -2 and 0.4 ± 0.3 kg m -2 for girls. A similar trend with fewer differences was apparent among the 85th Boys: body mass index percentiles Figure 1 Non-smoothed 5th, 15th, 50th, 85th and 95th percentile curves of boys' body mass index (BMI) for the total cases ( ) and the three subgroups whose fitness tests scores are better than the 'poor' quartile (᭹), the 'fair' quartile (᭡), and the 'good' quartile ().
percentile curves of the total cases and other quartile subgroups. Nevertheless, little difference was found in the 50th percentile curves and small, but reversed, differences were found in the 15th and the 5th percentile curves. For the 18-year-olds who scored better than 'poor' in all fitness tests, the 95th percentile values were 25.5 kg m -2 for boys and 24.6 kg m -2 for girls, and the 85th percentile values were 23.7 kg m -2 for boys and 22.6 kg m -2 for girls. The weight and height percentile curves of 'total cases' and better than the 'poor' quartile subgroup in boys and girls are shown in Figs 3 and 4. The differences of these curves in body weight are similar to those of the BMI curves shown in Figs 1 and 2 . However, the percentile curves in body height are almost superimposed.
Discussion
In the majority of medical measurements, the quoted 'normal' values come from a selected population who do not have a specified disorder, but the anthropometric measurements are a rare exception. Most standards of body measurements do not exclude those who have 'abnormal' values. Population-based growth curves and relative weight indices such as BMI have actually been derived from a reference population that includes thin or fat subjects. To overcome the difficulty of defining the 'normal' or 'ideal' body weight, the mortality-or morbidity-related approach formed the basis for specifying a healthy body weight in adults (23, 24) . For infants or preschool children, a working group of the WHO is collecting data at seven international study centres to develop a new set of international growth charts based on the growth of exclusively or predominantly breast-fed infants (25, 26) . The basic assumption is that infants from healthy populations, following the current WHO feeding recommendations, are growing optimally. These approaches, which use criteria such as mortality/ morbidity or an optimal feeding practice, are rational solutions for adults and infants. However this approach does not apply to children or adolescents, as the data linking child obesity with subsequent mortality are sparse and, in any case, the association between feeding and obesity may be too complex to allow dietary practices to be useful as a risk factor. The method described in this study now links the idea of using criteria-based standards for infants, children, adolescents and adults.
Our data showed that higher levels of BMI were directly related to poorer performance in all components of healthrelated physical fitness. These findings are in agreement with the results recently reported by Pongprapai et al. in Thailand (27) . Their batteries of fitness tests included a 50-m run, a sit-and-reach test, a sit-up test and cycle ergometry, and the results showed that the physical fitness of obese children was poorer than that of normal children in the 50-m run and sit-up test but not in the sit-and-reach test. These obesity reviews Healthy BMI from physical fitness W. Chen Girls: body mass index percentiles Figure 2 Non-smoothed 5th, 15th, 50th, 85th and 95th percentile curves of girls' body mass index (BMI) for the total cases ( ) and the three subgroups whose fitness tests scores are better than the 'poor' quartile (᭹), the 'fair' quartile (᭡), and the 'good' quartile ().
similar findings indicate that BMI has a significant impact on the current health of children or adolescents and that this can be measured by one or more components of fitness testing. However, because the relationship between BMI and the sit-and-reach test is not so obvious, selecting at least one appropriate test in each component of physical fitness is vital when measuring health status. Our study examined the four most commonly used fitness tests that were included in fitness testing programmes in the United States, Japan and China (21) . Nevertheless, it should be noted that the validity of the individual test for measuring physical health is not well established. The relationships between fitness tests and the health status of children and adolescents need to be studied further. The choice of appropriate cut-off values for the fitness test is another crucial task. Although selection of the quartile cut-off in physical fitness testing is arbitrary, the National Children and Youth Fitness Study II suggested that test scores above the 25th percentile (the 'poor' quar-tile) should be considered acceptable from a health perspective (28) . Theoretically, the subgroups in the 'good' and 'excellent' quartiles might be considered the healthiest population; surprisingly, only 12.3% and 2.6% of the students achieved these fitness levels. The reason we recommend that BMI norms be created from selected subgroups whose fitness tests were better than 'poor' is simple because it includes 43% of the general population. The argument regarding the cut-off, however, does not seem to defy using physical fitness tests as functional, health-related criteria.
The 85th and 95th percentile curves of these healthrelated norms do not link to the adult cut-off points of 25 and 30 kg m -2 at 18 years of age (10) . The WHO has proposed the 25 and 30 kg m -2 cut-off points for classification of overweight and obesity based on mortality outcomes and risk factors among Caucasian adults (23) . In the AsiaPacific region, however, morbidity and mortality start to increase in people with lower BMIs (29, 30) . Therefore cutoff values lower than the WHO criteria (i.e. ≥23 kg m overweight and ≥25 kg m -2 for obesity) have been recommended for Asian adults (31). The 85th and 95th percentile values of the 18-year-old students in our study correspond perfectly with the Asian criteria. If other studies and clinical experience support these provisional recommendations for Asian adults then the validity of our approach would be strengthened further.
In conclusion, based on health-related physical fitness, this article presents the first criteria-based norms of BMI for seven-to 18-year-olds. The BMI curves based on better fitness performance not only exclude the effects of having to consider the problem of the increasing prevalence of childhood obesity when choosing reference population data, but also include demonstrable physiological advantages for children and adolescents. It is expected that new norms based on this approach would be used not only to assess the current prevalence of obesity or overweight, but also to encourage activity and exercise throughout childhood and adolescence. Furthermore, other anthropometric measurements for skin-fold or body girth could be included in any new evaluation so that the fitness approach can allow a specification of the appropriate values for skin-fold thicknesses and other anthropometric measures. This novel approach to establishing the health-related BMI among children and adolescents would serve as a valid reference, at least until a better criterion is available. Non-smoothed percentile curves of girls' body weight and height for the total cases ( ) and the cases whose fitness tests scores are better than the 'poor' quartile (᭹).
